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UNCONVENTIONAL OIL AND GAS RESEARCH

&>

Footprint Reduction
Develop resources efficient!

Water Quality and Availability
Protect water resources and prevent
water shortages

- — T — —

Subsurface Science
Understand the reservoir

Induced Seismicity
Understand and mitigate

Water-related research areas include:
* Reducing freshwater use
* Improving how wells are designed and engineered for zonal isolation
« Handling produced water
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PRODUCED WATER PROGRAM OVERVIEW

THE IMPORTANCE

» Treatment and disposal costs > $40 billion annually
« Advanced, cost-effective technologies lead to beneficial use

» Wastewater injection connected to induced seismicity

THE R&D CHALLENGE

» Complex Treatment Needs
» Variability
* High Volume Disposal

* Cost of Treatment

(Photo courtesy of Energy Corp. of America, from NETL E&P Newsletter 2012)
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DOE PRODUCED WATER R&D FOCUS

Characterization, Treatment, Management leading to Beneficial Use

Publish data; evaluate sampling methods; develop improved practices for
sampling and characterization

Characterization

Cost-effective treatment; filtration; physical/chemical separation; coagulation;

Treatment o
crystallization

Management Decision support tools; best practices
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PRODUCED WATER TREATMENT

Water Desalination System

 Validated for use in the
Marcellus AltelaRain®Process

Saturated Carrier Gas

Waste Heat or Steam Input (BW) —j' m J'_— Brackish Produced Water Stream (PW)

» Discharge water meets
PA requirements

; Energy Re-use ———y, —y
(without a pressure vessel)

e

Condensation Chamber —

O «— Evaporation Chamber

« System field tested then <

. - s Micro-thin

commercialized non-corrodibe
- thermally-conductive
water-impermeable wall
Exit Air \ Ambient Air
\ % aran W
Distilled Water Stream (DW) <€ Concentrate Water Stream (CW)
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PRODUCED WATER MANAGEMENT

Integrated Produced Water Management Framework

Sponsored by
() COLORADOSCHOOLOFMINES  KennedydJenks Consultants  STRATUS CONSULTING  Argonne @
S A\

RPSEA
Produced Water Tregtment and Beneficial Use Screening Tool ppep——
START PAGE ENERGY

* Operators can
Input site-specific

water data Welcome!
You are now on the start page of the Py d Water Ti ond Beneficiol Use Sc ing Tool.

This tool will provide you with water quality (based on geographic location), suggest suitable USER MANUAL Manual for all
° G e n e rates treatment trains to treat that water and provide a cost-benefit analysis of different beneficial TooLouscHRTION  Description of the

reuse options for the water. The Tool Organization is shown below. It consists of four modules

tre atm e nt & which should be executed in the order indicated in the figure: Select water quality - Find

treatment trains - analyse costs and benefits - perform economic analysis. To move through the s Clears all user
tool just click the back and next buttons on each module menu page or click on the module Sevstern cetouts | INPULS and restores
m an a e m e nt buttons in the header. In each module there will be various user input buttons similar in style to default values
g those on the right. Also note that all user input cells are marked in light yellow (also shown to E User input
the right). To get started click on the Start Button in the bottom right corner, Enjoy!

options
* Provides cost

information for
each option

To go to the first module click on the start button

Lrsclamer: THe aAous a0d resulls ablanmed from Vs I ed Docision Framewank ane meanX Ry [0raect Seroeninsg ;poses aniy as rfevan!
XN I3 o Uaese mockdes e Basad on linyted priyectls ad st srxararirka fakament Aciad proyec!s will coniain oWals ol caolurad in
O¥s IS/ AN 13 ST 38 B! OF Lrock ko ey, rexxdaiony conyliancs, prayect esibility, and overdl! cost of the profect
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SUMMARY

 DOE recognizes the strong relationship between energy and water
« Treatment and management challenges are regional

« Treatment costs can be reduced by matching produced waters with
appropriate technology

« Advanced technologies can help produced water become a revenue
stream, improving well economics, and, therefore, utilization of
domestic shale gas resources

I--I U.5. DEPARTMENT OF Fossil
@ ENERGY cncu

OFFICE OF OIL & NATURAL GAS




Induced Seismicity Research Portfolio Overview

DOE Upstream Oil and Gas Workshop

Grant Bromhal

Senior Fellow
National Energy Technology Laboratory

February 14, 2018
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RECENT INDUCED SEISMICITY PROJECTS

University of Oklahoma: “4D Integrated Study Using Geology, Geophysics, Reservoir
Modeling & Rock Mechanics to Develop Assessment Models for Potential Induced

Seismicity Risk” V7 R NP 0 = SRR N )

/7
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* Increased detection of and improved data record |

for seismic events in Central Oklahoma gand e [l |

. . . . . . B M 3.0+ 2009-2015 Wl = o s L7

. ed to seismic monitoring stations in Centra B All 20092015 ST T

Added t toring stat Central

Oklahoma I County Boundaries (S Sk Sk el
» Updated map of basement faults (published by N SR

Oklahoma Geologic Survey) o o wo  um  memm S SRMSENS T CIFEN

— — 1 PRy .

it

Source: Oklahoma Geological Survéy
University of Texas- Austin: “Relationships between Induced Seismicity and Fluid
Injection: Development of strategies to manage fluid disposal in shale plays”

» Conducted two-year surveys of natural and induced
seismicity in Fort Worth Basin (TX), Eagle Ford (TX),
Bakken/ Williston (ND/MT), and Haynesville (TX/LA) - ' it T

« Concluded that the injection/seismicity relationship is
different in different regions. For example, induced _
seismicity in the: AL ""‘. e ; I
- Fort Worth Basin is associated with injection wells © natural queke? G
- Eagle Ford area is associated with extraction ® manmade queke?

O injection well
T I I I I
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SHORT TERM SEISMIC FORECASTING (STSF) TOOL

NRAP

e
National Risk Assessment Partnership

and permitting

* Forecasts seismic event frequency over the short term
* Potential to complement stoplight approach for induced seismicity planning

 Based on Gutenberg and Omori
laws

e Originally an aftershock model

* Reads a seismic event catalog
and incorporates basic injection
information

* Forecasts seismic frequency for a
window of a few days
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Short-Term Seismic Forecasting Tool

Short-Term Seismic Forecasting Tool -
:||I i R
‘ E Ilﬂ imumm.

Main Page

Enter Parameters

Run Simulation

This is a post processing tool to extract metrics associated with : Mﬂ
leakage risk from simulation results. " e
Version: 1.0.1
- Main Contact: Corinne Bachmann
Email: cebachmann@lbl.gov
Acknowledgements
- References
National Risk Assessment Partnership User Manual
= - FAR \:/
N__TL 2 ::}l |'" | M Lawrence Livermore L(‘)SAISHIOS Pac |f|c Northwest
—y \ National Laboratory AAAAAAAAAAAAAAAAA y
Meuxesey Law

NRAP POC: Josh White, Corinne Bachman (LLNL)
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ADVANCES IN INDUCED SEISMICITY R&D

NRAP

e
National Risk Assessment Partnership

. . E b 7. Arbuckie SWD Monitoring Well
e Real-time hazard forecasting o G S 2 Esbon Fownis M5
O
* Active seismicity management
o) (o).
e Probabilistic seismic risk assessment of E
2 o =
5 P L
* Fault leakage W,
()
©
* Seismicity management protocols 2 , 5w
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ACTIVE SEISMICITY MANAGEMENT NIRAP I

Determine effectiveness of different techniques (e.g. pressure control) for
managing seismicity at problematic sites.
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INDUCED SEISMICITY TESTING IN MONT TERRI URL

* Tunnel-based access allows for detailed analysis of fault
characteristics, easy access to cores, packer testing of

fault zones, etc. 008 —
» Fault analysis and testing has been conducted by Mont
. . . . . 0.03 -
Terri Consortium, with partial funding by DOE FE E : /\
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SUMMARY

Having good field data is a key to proactively addressing induced
seismicity

DOE labs have capabilities to address induced seismicity issues

Some tools have been recently developed and are available for use
— Forecast near-term seismic events
— Estimate risk to surface facilities

Geomechanical and flow modeling, combined with field
measurements, can help manage risk of induced seismicity
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EXTRAS
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INDUCED SEISMIC EVENT: NEAR A FAULT NRAP

el Risk Aumr Parnurshp

MEDIAN GROUND MOTIONS PREDICTED FOR HYPOTHETICAL
MW 4.0 EARTHQUAKE

Site Response Map

Slte Response Map Location: N35.500 W119.250, Mw 4.0, Depth: 1.0 km, Max Acc.: 0.2914g, T: 0.05sec, Site Amp.: A&S, Vs30: topo
=

Location: N35.500 W119.250, Mw 4.0, Depth: 1.0 km, Max Acc.: 0.29 ite Amp.: A&S, Vs30: topo
=
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Large Scale Map of Site response
showing the detail accelerations in
Kimberlina area

0.000 0.073 0.146 0.219 0.292

Map of Site response from an
induced event In San Joaquin Valley

NOTE: Hypothetical case for demonstration purposes only ”
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GROUND MOTION PREDICTION APPLICATION (GMPIS) NRAP

e
National Risk Assessment Partnership

 Ground motion prediction from potential induced earthquakes based on global dataset

 Tectonic scenario earthquakes could provide a valuable planning tool due to potential of
injection to stimulate the rate of natural seismicity

~loix|
*  Two approaches to characterizing ground motion:  nduced Seismicity Tool - Main Page

peak ground acceleration (PGA) and peak ground

velocity (PGV) Enter Parameters
* Database includes induced seismicity (IS) from et |
global active geothermal locations producing Induced Seismicity, Ground Motion Prediction (GMPE) and SHAKEMAP Tool A
nearly 4,000 records pee The e v e
*  Implements IS empirical ground motion prediction - 'QAP i e
equations (Douglas et al., 2013) . M .
*  Applicable for cases where little site-specific N | A~ —
seismic data are available N=TL m (| W zyrence Livermore - LosAlamos Pacific Northwest
* Incorporates published models for site-specific
amplification corrections (Boore and Atkinson,
2008; Abrahamson and Silva; 2008. NRAP POC: Chris Bradley (LANL)
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LosAIamos Pacific Northwest
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